In songbirds song production requires the intricate coordination of vocal and respiratory muscles under the executive influence of the telencephalon, as for speech in humans. In songbirds the site of this coordination is suspected to be the nucleus retroambigualis (RAm), because it contains premotor neurons projecting upon both vocal motoneurons and spinal motoneurons innervating expiratory muscles, and because it receives descending inputs from the telencephalic vocal control nucleus robustus archopallialis (RA). Here we 
A nucleus retroambigualis (RAm) has also been defined in birds and is considered the functional equivalent of NRA in mammals (Wild, 1993a (Wild, , 1994a (Wild, , 1997 . However, unlike NRA, RAm in birds does not comprise a compact cell column that is limited to the ventrolateral margin of the medullary gray matter; but, like NRA, RAm is the source of predominantly contralateral bulbospinal projections to motoneurons innervating abdominal and intercostal expiratory muscles. Moreover, its relatively large neurons (Ϸ280 m 2 ; Wild, 1993a) are readily recorded in anesthetized animals as firing in phase with expiration-readily because expiration is always an active process in birds, unlike the case in many mammals. Also like NRA, RAm projects upon vocal motoneurons (Vicario, 1993 vocal organ, the syrinx (XIIts, or n. tracheosyringealis). In songbirds RAm is also a major target of the output of the telencephalic song control system (RA) and, in songbirds and nonsongbirds, also of the output of the dorsomedial nucleus of the intercollicular complex (DM), a midbrain nucleus considered equivalent predominantly to those lateral parts of the PAG of mammals that project upon NRA (Holstege, 1989; Vicario, 1993; Wild, 1993a; Wild et al., 1997; Vanderhorst et al., 2000a) . DM is situated medially adjacent to the avian inferior colliculus, similar to the position of lateral regions of caudal PAG with respect to the inferior colliculus (IC) of mammals. By virtue of its expiratory-related bulbospinal neurons, its projections to vocal motoneurons and its inputs from higher vocal control centers, RAm can also be considered a nexus in the final common path for vocalization in birds.
Although some of the projections to and from RAm have been the focus of previous studies (Wild, 1993a 
MATERIALS AND METHODS
Subjects were >35 adult male zebra finches obtained either from commercial suppliers or from our own breeding colony. All procedures followed the guidelines of, and were approved by, the Animal Ethics Research Committee of the University of Auckland. Each bird was anesthetized with an intramuscular injection of an equal parts mixture of ketamine (50 mg/kg) and xylazine (20 mg/kg) and fixed in a Kopf (Tujunga, CA) stereotaxic apparatus with ear and beak bars such that the head was tilted down at 45 degrees to the horizontal (Stokes et al., 1974) . RAm was located for injection using a combination of stereotaxis and electrophysiological recordings of multiunit activity in phase with expiration. This phase was defined either by abdominal expiratory muscle EMGs, using pairs of fine Teflon-coated platinum wires exposed for 0.5 mm at their tips inserted into the muscles (Wild, 1993a (Wild, , 1994a or by visual correlation of unit activity with thoracic contraction (when the respiratory cycle was slow enough to permit this). The recordings were made using either glass micropipettes pulled and broken back to yield tip sizes of 10 -20 m internal diameter and loaded with 10% biotinylated dextran amine (BDA 10K MW, Invitrogen, La Jolla, CA) in 0.1 M phosphate buffered saline (PBS, pH 7.4), or with tungsten microelectrodes (Frederick Haer, Brunswick, ME, 3-5 M°) that were replaced with BDA-filled glass micropipettes once the distinct bursts of expiratory-related activity had been located in the ventrolateral medulla at appropriate caudal levels. Iontophoretic injections (4 A positive current, 7 sec on, 7 sec off) were then made for a total time of 10 -20 minutes.
Because RAm appeared to project to a host of different targets, injections of retrograde tracers were made either singly or in pairs into several of them 1) to confirm that RAm was a source of projections upon them or 2) to determine whether (Celio et al., 1988) . Survival times ranged from 4 days for intraaxonal transport of tracers within the brain, to 10 days for transport to and from the spinal cord, after which the birds were deeply anesthetized with an injection overdose of ketamine and xylazine and perfused through the left ventricle with saline followed by 100 mL of 4% paraformaldehyde (PFA) in 0.1 M phosphate buffer. The brains and spinal cords were blocked transversely (the brains in the stereotaxic plane), postfixed for 3-5 hours, and equilibrated in 30% sucrose in buffer overnight. Forty-micronthick sections were cut on a freezing microtome, collected in three series, and treated for the demonstration of transported label. BDA and CTB were visualized in free-floating sections after they had been bleached for 20 minutes in 50% methanol and 1% H 2 O 2 , and washed thoroughly in 0.1 M PBS. BDA was visualized by incubating sections for 1 hour in 1:1,000 streptavidin conjugated to horseradish peroxidase (Invitrogen) in 0.3% Triton X-100 in PBS, followed by diamino benzidine (DAB; 0.02%) for 1-5 minutes. CTB was visualized by sequential incubations in a primary goat anti-CTB antibody (List Laboratories; 1:30,000 in 0.3% Triton X-100 PBS), biotinylated rabbit antigoat IgG (Sigma Chemical, St. Louis, MO; 1:200), streptavidin HRP (1:1,000), and DAB (Wild, 1993b 
Brain slices
To provide detailed morphology of RAm neurons, they were intracellularly injected with either neurobiotin or biocytin using electrophysiological techniques described previously (Sturdy et al., 2003; Kubke et al., 2005) . Briefly, transverse brain slices from the medulla of adult male zebra finches were cut at 400 m and transferred to a humidified holding chamber (room temperature). Intracellular recordings were made using an interface-type chamber (30°C; Medical Systems, Harvard Apparatus, Holliston, MA). Artificial cerebrospinal fluid (ACSF) consisted of: 119 mM NaCl, 2.5 mM KCl, 1.3 mM MgCl 2 , 2.5 mM CaCl 2 , 1 mM NaH 2 PO 4 , 26.2 mM NaHCO 3 , 11 mM glucose; equilibrated with 95% O 2 / 5% CO 2 . Equiosmolar sucrose was substituted for NaCl during the tissue preparation stage. Sharp electrodes (borosilicate glass, BF100-50-10, Sutter Instrument, Novato, CA) were pulled to yield a resistance of 100 -200 M°when filled with 2M K-acetate and 2% neurobiotin (Vector Laboratories, Burlingame, CA) or 2% biocytin (Sigma). A motorized microdrive (Newport Scientific, Irvine, CA; model 860A) was used to lower the electrodes into RAm. XIIts was visible under epi-illumination as a circular structure situated Ϸ0.5 mm from the midline, and RAm was identified as an arc extending laterally from XIIts into the ventrolateral medulla. Brief (Ϸ1 msec) capacitance overcompensation was used to "ring" the electrode to achieve entry into the cell. An AxoClamp 2B intracellular amplifier (Axon Instruments, Foster City, CA) was used in bridge mode to record intracellular membrane potentials, which were lowpass-filtered at 3 kHz and digitized at 10 kHz. Tracer was deposited in the cell iontophoretically (500 -1,000 pA) for 20 -60 minutes, and the slice was fixed in 4% PFA 20 minutes after the cessation of iontophoresis.
In vitro histology
Brain slices were cryoprotected in 30% sucrose in PB 0.1 M and cut in a freezing microtome at 30 -50 m. The tissue was preincubated in 1% H 2 O 2 in 1:1 PBS:methanol for 10 minutes to block the activity of endogenous peroxidase and then incubated overnight at room temperature in streptavidin peroxidase conjugate at 1:1,000 dilution in the presence of 0.4% Triton X-100 in PBS (0.01 M). The label was visualized with DAB and, in some cases, with the addition of 0.02% cobalt chloride to render the reaction product black. The tissue was mounted onto subbed slides, dehydrated, and coverslipped with Permount. For fluorescent microscopy, an Alexaconjugated streptavidin (Invitrogen) was used instead, following which sections were washed, mounted, and coverslipped with Citifluor (Agar Scientific, UK).
Measurements of cell size
Cells were drawn using a drawing tube attached to a Nikon Optiphot microscope. The images were then scanned at 300 dpi and digitized and cell measurements were made using ImageJ v. 1.32J (http://rsb.info.nih.gov/ij/Java1.3.1_03). 
RESULTS

Figure
Orthograde projections of RAm
Descending projections. Bulbospinal projections of expiratory-related RAm neurons that terminate in relation to lower thoracic and upper lumbar spinal motoneurons innervating expiratory muscles have been documented previously (Wild, 1993a (Wild, , 1994a . Thus, the descending projections of these respiratory-related premotor neurons will not be considered further here, except insofar as their cells of origin were identified in the present study by retrograde transport from spinal injections and distinguished from XIIts-projecting neurons (see below), as well as a distinct population of neurons that project through the vagus.
Ascending projections. BDA injections involving RAm to a greater or lesser extent were made in 19 cases. Injections largely confined to the body of RAm in the ventrolateral medulla were made in four cases, and these produced very similar results in terms of the pattern of anterograde labeling. Figures 2-4 show the injection site and ascending projections in a typical case. At levels straddling the injection there was very intense labeling throughout the ipsilateral RAm and XIIts ( Fig. 2A,B ,D,E). Much of that in XIIts could be seen to form varicosities and dense bouton-like endings on the somas of motoneurons (Fig. 2E) . Labeled fibers could also be seen to leave RAm and arc across the midline ventral and dorsal to the medial longitudinal fasciculus to terminate less densely in the contralateral RAm and XIIts (Fig. 2B) .
Rostral to the injection there was labeling throughout PAm and rostral levels of XIIts, as well as contralateral labeling in these structures (Fig. 2C,G) . In the dorsal medulla rostral to the injection a specific, small terminal field was present bilaterally in a lateral region of nucleus tractus solitarius (nTS; Fig.  2C,F) . This field extended rostrally to levels of the cochlear nuclei (Fig. 3A) . In ventrolateral regions of the section at rostral medullary levels, predominantly ipsilateral terminal labeling was largely confined to a round nucleus known as the ventrolateral nucleus of the rostral medulla (Fig. 3A,C) (RVL), while at levels of the superior olive it was confined to a narrow region called nucleus infra-olivaris superior (IOS) wedged between the superior olive and the spinal lemniscus ( Fig. 3B,D; but note that the terminal field did not involve the large facial motoneurons that also inhabit this region). At isthmic levels labeling in the ventrolateral pontine periphery was rostrally continuous with intense fiber and terminal labeling of the ipsilateral ventrolateral parabrachial nucleus (PBvl), with much less dense labeling of the contralateral PBvl (Fig. 4A,C) (PBvl). Labeled fibers continued dorsally through PBvl to reach DM (Fig.   4B,D) , which is situated medially adjacent to rostral levels of the avian homolog of the mammalian central nucleus of the inferior colliculus, known in birds as nucleus mesencephalicus lateralis, pars dorsalis (MLd). Again, labeling was denser on the ipsilateral side. Slightly more rostrodorsally, very sparse fiber and terminal labeling was present in nucleus uvaeformis of the posterodorsal thalamus and, at hypothalamic levels, equally sparse terminations were present bilaterally, ventral to the anterior commissure and just lateral to the midline (not shown; see below).
"Control injections." Injections that were not confined to RAm but additionally involved adjacent parts of the lateral reticular formation, particularly medially, partially replicated the pattern of results described above, but also produced anterograde labeling in other nuclei, e.g., the motor nuclei of the upper vocal tract: XII l, IXv, MVII, and MV (not shown). On the basis of retrograde labeling from these nuclei (Wild, unpubl. obs.), these projections to motor nuclei are considered not to have arisen directly from RAm and, in contrast to the projections of RAm itself, were predominantly contralateral.
Validation of RAm projections by retrograde labeling of RAm neurons
XIIts-projecting neurons. Cells in RAm that were retrogradely labeled from injections of either BDA or fluorescent dextrans into XIIts were distributed throughout the neck and body of RAm (Fig. 5C ). These cells tended to be small in size (179 ؎ 84 m 2 , n ‫؍‬ 45), with most of them having a spherical soma (Figs. 5A-C, 6 ). No size differences were found between ipsilaterally projecting and contralaterally projecting RAm cells. When two different fluorescent dextrans were injected into XIIts on opposite sides in the same case, retrograde labeling was found throughout RAm, predominantly ipsilaterally, but there was a small number of cells on each side that were doublelabeled (Fig. 5C) , confirming the results from RAm injections of BDA (Fig. 2) that some RAm neurons project to XIIts bilaterally. Bulbospinal neurons. Injections of either CTB or Fast Blue into the upper thoracic spinal cord retrogradely labeled neurons throughout RAm, predominantly contralaterally (Fig.  5D ). Cells labeled in this fashion exhibited soma sizes of 284 ؎ 97 m 2 (n ‫؍‬ 62; Fig. 6 ). PAm. Small injections of BDA that were made into this inspiratory-related nucleus retrogradely labeled many neurons throughout RAm, predominantly ipsilaterally, confirming the RAm projections to PAm described above on the basis of orthograde labeling.
Other nuclei. In the present and previous studies injections of either BDA or CTB were made in RVL, DM, and Uva, but only those into RVL and DM produced retrogradely labeled neurons in RAm. These were scattered throughout all parts of RAm, including the medial part of RAm dorsal to XIIts, previously known as the suprahypglossal area (Fig. 5F ). RAm neurons labeled from DM injections had soma sizes similar to those of XIIts-projecting cells: 159 ؎ 36 m 2 (n ‫؍‬ 39; Fig. 6 ). Injections into Uva labeled cells in PAm, but not in RAm; thus, the sparse anterograde labeling in Uva resulting from injec- Vagal neurons. Injections of CTB into the cervical vagus retrogradely labeled a specific group of large (460 ؎ 167 m 2 , n ‫؍‬ 52) multipolar neurons that tended to be distributed around the peripheral margins of the body of the nucleus, but were nevertheless within the terminal field of RA (Figs. 5E, 6 ). The specific peripheral target(s) of these vagal neurons remain unknown. Other labeled vagal neurons were distributed within the dorsal motor nucleus of the vagus and nucleus ambiguus, as found in other avian species (not shown; Wild, 1981; Katz and Karten, 1985) .
To assess whether some RAm neurons project to more than one target, injections of Fast Blue into the upper thoracic spinal cord were combined in the same bird with injections of fluorescent dextrans into the contralateral XIIts. In other experiments injections of CTB in DM were combined with injections of BDA into XIIts in the same bird. In the latter cases BDA was colored green (by application of streptavidin Alexa 488) and CTB red (by application of antigoat Alexa 568 following the primary antibody step). The results showed that bulbospinal and XIIts-projecting RAm cells form separate but intermixed populations; that is, there were no double-labeled cells in RAm as a result of these injections (Fig. 5D) . Similarly, XIIts-projecting cells were never double-labeled by CTB injected into DM (data not shown).
Retrograde labeling resulting from RAm injections
Within the brain the terminal fields of the orthograde projections of RAm were usually accompanied by retrogradely labeled neurons, indicating reciprocal projections (Figs. 2-4) . Even within the dense fiber and terminal labeling in RAm at the level of the injection site, retrogradely labeled neurons could clearly be seen throughout the nucleus (Fig. 2D) , including contralaterally, as far medially as the lateral margin of XIIts, where they extended their processes into XIIts itself. Retrogradely labeled neurons, predominantly ipsilateral to the injection, were also present in all the other nuclei that received projections from RAm: viz PAm, RVL, IOS, PBvl and DM (Figs.  2-4) . Retrogradely labeled neurons were observed in only two nuclei that did not also receive anterograde projections from RAm. A few neurons were labeled in the ipsilateral dorsal column and external cuneate nuclei (not shown); but these neurons are known to project their axons across the medulla to the contralateral inferior olive and beyond, in such a way as to be inadvertently labeled as fibers of passage by the injection. They do not terminate in RAm and are therefore not considered further. The second group of labeled neurons was in the ipsilateral RA, the known major source of telencephalic projections upon RAm (not shown).
RAm neuronal classes based on cell size. On the basis of injections into various targets, RAm was found to be composed of five general classes of neurons: bulbospinal, XIItsprojecting, RAm-projecting, other ascending, and vagal. The distribution of the sizes of these classes of RAm neurons is shown in Figure 6 . Although there is considerable overlap in their mean soma size, there is also a clear tendency for vagal cells to be the largest, followed by bulbospinal neurons, followed in turn by XIIts-projecting and other ascending RAm neurons.
RAm neuronal morphology as depicted by intracellular staining
More detailed morphology of RAm cells was obtained by intracellular fills in the slice preparation. Cells were qualitatively classified into three morphological cell types based on the shape of the soma and the pattern of primary dendritic arborization (Fig. 7) , and some cells exhibited densely packed somatic and dendritic spines. Spherical cells exhibited round somas with numerous dendrites originating with no apparent polarity (Fig. 7A) . Multipolar cells were characterized by a triangular soma shape, with large dendritic tufts originating at each of the apices and a thin process originating at the center of the soma (Fig. 7B) . Fusiform cells had an elongated soma with two large primary dendrites extending along the primary axis of the cell (Fig. 7C) . Occasionally, a few thin processes could be seen to project from the soma.
We attempted to correlate these morphological types with the physiological types I and II previously reported for RAm 20) . A two-step cluster analysis in order to extend our original PCA analysis to incorporate morphology as a noncontinuous variable resulted in a similar clustering scheme. Thus, incorporation of morphological parameters did not modify this clustering scheme, further supporting the hypothesis that morphological types were not associated with particular physiological cell types (Table 1) .
DISCUSSION
RAm in songbirds was previously defined on the basis of its expiratory-related neuronal activity, its bulbospinal projections to regions of spinal cord containing motoneurons innervating expiratory muscles, and its receipt of specific and dense projections from the telencephalic song control nucleus RA (Vicario, 1993; Wild, 1993a Wild, ,b, 1994a Wild, , 2004a and from the midbrain nucleus DM (Wild et al., 1997) . In the present study we sought to provide a more comprehensive account of RAm, especially with regard to its ascending projections and its various classes of neurons. We found that there were five classes of projection neurons: those projecting to the spinal cord, those projecting to XIIts, those projecting within RAm ipsi-and contralaterally, those projecting to other upstream targets throughout the brainstem, and those projecting through the vagus nerve. As for the mammalian NRA, therefore, RAm in songbirds is a heterogeneous nucleus with a wide variety of projections. Figure 8 provides a summary schematic diagram of the respiratory-vocal system in songbirds as we currently know it. The present findings are discussed below in the context of the whole system.
RAm projections to the spinal cord, XIIts, and RAm
In the present study cell size measurements suggested, and double retrograde labeling experiments confirmed, that the bulbospinal RAm neurons constitute a population separate from that which innervates the vocal motor neurons in XIIts. A similar conclusion regarding dedicated bulbospinal expiratory-related neurons in NRA was made in cats on the basis of a lack of axonal collaterals (Arita et al., 1987) . In the zebra finch bulbospinal and XIIts-projecting neurons were intermixed in RAm, and whereas the former project predominantly contralaterally, the latter project predominantly ipsilaterally. A small proportion of XIIts-projecting neurons, however, was found to project to XIIts on both sides, confirming the findings of Kubke 
Other ascending projections of RAm
The present study also confirms and extends prior studies by showing that, in addition to its robust connectivity with spinal motoneurons that innervate expiratory muscles and vocal motoneurons, RAm projects reciprocally to a number of upstream areas that likely also play an important role in respiration and vocalization. These upstream projections of RAm are to PAm, nTS, RVL, IOS, PBvl, and DM, all nuclei that also provide downstream projections upon RAm (Wild and Arends, 1987; Wild et al., 1990 Wild et al., , 1997 Wild, 1993a Wild, , 1994a Wild, , 2004a .
PAm. The avian nucleus parambigualis was originally named after the suggestion of Kalia (1981) for mammalian respiratory neurons around the nucleus ambiguus, which later included inspiratory-related neurons of the rostral ventral respiratory group (rVRG) that project to thoracic inspiratory motoneurons (Feldman et al., 1985; Rikard-Bell et al., 1985) . In birds PAm neurons generally fire in phase with inspiration and likewise project to thoracic spinal motoneurons innervating inspiratory muscles Wild, 1997, 1998) . Whether PAm bulbospinal neurons have collaterals to RAm is unknown, as is the function of the reciprocal connections between them. PAm also projects upon the vocal motoneurons, but evidence for an inhibitory role of this projection in terminating the expiratory-related discharge of XIIts motoneurons-a discharge that is likely driven by the RAmXIIts projection-is conspicuous by its absence (Sturdy et al.,  2003) .
nTS. The putative projection of RAm to nTS has not been confirmed using retrograde tracing methods, but it appears to be quite specific in that it terminates only lateral to the solitary tract, a region that includes the nucleus parasolitarius lateralis (lPs) and previously identified as receiving pulmonary afferents via the vagus in pigeons and finches (Katz and Karten, 1983; Wild, 2004b) . lPs is also the origin of a central respiratory-vocal loop that projects upon PAm, RAm, and XIIts via PBvl (Wild and Arends, 1987; Wild, unpubl. obs. in finches) . Since it may also project directly upon RAm (present study), the necessary connectivity is in place for either direct and/or indirect inspiratory-expiratory interactions during either respiration and/or vocalization.
RVL and IOS. Expiratory-related neurons can be found in RVL (Reinke and Wild, 1998) Vagus. The final class of RAm neurons to be considered are vagal motoneurons, which on average are the largest of the projection neurons described here. They tended to be distributed around the periphery of the body of RAm and, were it not for the ability to label the descending projections of RA either with tracers or with an anti-parvalbumin antibody, their inclusion within RAm might be debated. As shown in Figure 5E , however, they definitely lie within RAm, where they appear to be contacted by RA axons, as defined by an injection if BDA into RA in the same bird, and by anti-PV immunohistochemistry, a marker for RA terminals (Wild et al., 2001) . Because of the extensive range of vagally innervated tissue, the specific targets of these vagal neurons have not yet been determined. However, unlike vagal neurons in the caudal part of nucleus ambiguus in mammals, the targets of vagal neurons in the finch are unlikely to include the larynx, because the avian larynx is innervated by the glossopharyngeal nerve and the appropriate motoneurons are located more rostrally in the medulla, closer to the level of the obex (Wild, 1993b) . The vagal targets are also unlikely to include the syrinx, since the old suggestion of a vagal innervation of that structure (Conrad, 1915) has not been supported by retrograde labeling studies. The vagal motoneurons can be labeled, however, if syringeal injections are accompanied by spillage of tracer to adjacent structures (Wild, unpubl. obs.), and there is also a possibility that they innervate the receptors identified in the walls of air sacs in finches, which may possibly convey information about air sac pressure (Kubke et al., 2004, 2008) . The inclusion of vagal motoneurons in the output of the song system potentially extends the range of structures that might be involved in vocal production.
Cell types in RAm
RAm neurons that project to the spinal cord, XIIts, and through the vagus nerve represent three distinct pools, and these differences in synaptic targets are reflected in the difference in the distribution of cell sizes for each of the groups. The degree of overlap between these projection types, however, makes cell size an unreliable method for classification of the cells into a specific projection category. This is further confounded by the differences in the efficiency of somatic labeling resulting from the use of different retrograde tracers. Bulbospinal and vagal neurons were labeled using CTB or Fast Blue, whereas XIIts projecting cells were labeled using BDA. The latter tracer tends to fill the soma and the dendritic field much more efficiently than does CTB. Thus, the estimates of cell size for bulbospinal and vagal neurons may underestimate their real somatic size. In the slice preparation, cells filled with either biocytin or neurobiotin exhibit a range of cell sizes that is in good general agreement with the in vivo material, although the size range is wider than that seen after in vivo tracing. This may also represent differences in the efficiencies of the filling methods, or sampling biases introduced by the use of intracellular recording methods. However, in congruence with the in vivo material, XIIts projecting premotor neurons in the slice preparation were classified as small spherical cells. Despite the lack of correlation of morphological and physiological cell types, the three morphological subtypes had sizes that distributed in a manner resembling the three projection cell types. Consistent with the in vivo observation that XIIts projecting neurons are small spherical cells, XIIts projecting neurons in the slice were also found to be spherical and small, while the type I cell whose axon was seen to course toward the root of the vagus nerve was a large multipolar cell. Thus, although neither cell size nor cell morphology per se is a sufficient parameter that can be used for a classification scheme, our in vitro results are consistent with the in vivo observation regarding morphological types.
Aside from the vagal MNs, only one other physiological cell type was found, despite the fact that RAm neurons project bilaterally to XIIts as well as to numerous other targets, including upstream brainstem respiratory vocal nuclei and spinal MNs. The failure to find a reliable correlation between morphological and physiological types suggests that type II cells constitute several subtypes in which morphological features may contribute to the way in which each integrates respiratory and vocal input. Thus, a classification of type II cells into different subtypes may be more complex than anticipated and may require a better understanding of the microcircuitry within the nucleus.
Final comparative comment
As noted above, RAm does not comprise a compact cell column in the ventrolateral medulla as NRA does in mammals; it forms an arc that extends from dorsal to the hypoglossal nucleus, ventrolaterally into the ventrolateral medulla, where the body of RAm most closely resembles the NRA of mammals in terms of its relative position. The more medial "neck" and "cap" of RAm, therefore, might together seem more similar to the lateral tegmental field of mammals, rather than to NRA, but we believe this positional similarity to be misleading. This is a complex issue and only the most salient points of comparison can be considered here. 1) All parts of RAm as we have defined it receive projections from the same telencephalic nucleus, RA, that controls singing and all parts receive projections from DM (Wild, 1993b (Wild, , 1997 
